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PREFACE 


On October 1, I 965 , a cooperative agreement was signed between 
the National Aeronautics and Space Adm! n i s tra t Ion (NASA) and the U.S. 
Department of Agriculture (USDA) authorizing research to be undertaken 
In remote sensing as related to Agriculture, Forestry and Range Manage- 
ment Under funding provided by the Supporting Research and Technology 
(SR&T) program of NASA, Contract No. R-09-038-002 . USDA designated 
the Forest Service to monitor and provide grants to forestry and range 
management research workers. All such studies were administered by the 
Pacific Southwest Forest and Range Experiment Station in Berkeley, 
California In cooperation with the Forestry Remote Sensing Laboratory 
of the University of California at Berkeley. Professor Robert N. 

Colwell of the University of California at Berkeley was designated 
coordinator of these research studies. 

Forest and range research studies were funded either directly with 
the Forest Service or by Memoranda of Agreement with cooperating univer- 
sities* The following is a list of research organizations participat- 
ing in the SR&T program from October 1, I 965 , until December 31 , 1972. 

1* Forest Service, USDA, Pacific Southwest Forest and Range 
Experiment Station, Berkeley, California. 

2* Forest Service, USDA, Rocky Mountain Forest and Range Exper- 
iment Station, Fort Collins, Colorado. 

3. School of Forestry and Conservation, University of California, 
Berkeley, California. 

k. School of Forestry, University of Minnesota, St. Paul, Minnesota. 



5. School of Natural Resources, University of Michigan, Ann 
Arbor, Michigan. 

6. Department of Range Management, Oregon State University, 
'Corvallis, Oregon. 

This report summarizes the significant findings of. this research 
and identifies research results which have been applied or are ready 
for application. In addition, the work carried on for the reporting 
period October I, 1971, until December 31, 1972, is described in detail. 

A listing of all research reports produced under NASA SR&T funding 
for forest and range studies can be found in the Appendix of this 


report . 



ABSTRACT 


This is the fifth and final report to assess the merits of multiband 
photography from aircraft and spacecraft and mul t i spectral scanner imagery 
for the interpretation and analysis of nonforest (shrubby and herbaceous) 
native vegetation. Significant findings include: 

1. A multiple sampling technique was developed whereby spacecraft 
photographs supported by aircraft photographs 'could be used to quantify 
plant communities. Color infrared spacecraft photographs were used for 
mapping general plant community systems. These systems almost always 
represent groupings of individual habitat types, the elemental unit of 
plant community cl ass ? f i cat i on , due to combined effects of photographic 
scale and ground resolution. Larger scale (1:20,000 - .1:80,000) aircraft 
photographs were required to determine the areal extent of the individual 
habitat types. Still larger scale aerial photographs (>.1:2,400) were 
required for analysis of community components. 

2, Large-scale (1:600 - 1:2,400) color infrared aerial photographs 
were required to identify individual shrub and herbaceous species. 

Shrubs were correctly identified more consistently than herbaceous spe- 
cies. Sequential photography was necessary to secure the best data unless 
single photographic mission planning was required. 

3. Herbaceous standing crop biomass was successfully estimated by 
measuring optical density of film images in large-scale color infrared 
aerial photographs. Shrub species cover, using a measuring magnifier, 
was estimated at acceptable levels of accuracy as compared to ground mea- 
surements from large-scale color infrared aerial photographs. 
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b. Mi croder.si tometry , to measure film Image optical density, was 
used to discriminate among specific plant communities (habitat type) and 
individual plant species on color infrared aerial photographs. Small- 
scale photographs ,were best suited for communities because the combined 
effects of scale and ground resolution integrated the community components 
into a more homogeneous photo image than the data recorded in large-scale 
photos. Photos to scales necessary for individual species identification 
were required to discriminate among the species. 

5. Recognition processing of rnul ti spectral scanner imagery resulted 
in discrimination of native plant communities provided the communities 
were quite homogeneous such as willow meadows, sedge/rush/bul rush meadows, 
bluegrass meadows, or coniferous tree canopy. Special clustering analyses 
were required for classification of upland steppe communities. 

6. A method to estimate overwinter death losses of mule deer was 
developed using 1:2,000 scale color infrared photos secured of a small 
area after snowmelt but before severe carcass degradation occurs. Although 
ratioing was required to associate ground with photo counts, the technique 
provides a subsampling base from which operational procedures can be devel- 
oped that will save ground survey time. Mortality information is required 
for assessing animal/habitat interactions. 

7. A technique was developed to estimate population density of 
northern pocket gophers, a small burrowing rodent. Using a ratio procedure 
to relate ground counts of soli surface sign caused by the gophers (mounds 
of soil) to photo counts from 1:600 scale color or color infrared aerial 
photos, population density estimates from photos were within 3 percent of 
estimates made by ground survey. 
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8. The effects of solar radiation, air temperature, and atmospheric 
water vapor pressure on the effective radiant temperature (ERT) of deer 
and the relations between deer ERT and the ERT of bare soi 1 , snow, and 
sagebrush considering the envi ronmentai effects with respect to time of 
day was determined. Thermal scanning for deer in a cold environment should 
occur between daylight and sunrise to avoid serious discrimination errors 
between the animals and background material in the scene. 
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MULTISTAGE, MULTIBAND AND SEQUENTIAL IMAGERY TO IDENTIFY 
AND QUANTIFY NONFOREST VEGETATION RESOURCES 

ky 

Rl chard S. Driscoll 
s Richard E. Francis 

introduction 

Inventory and surveillance of native vegetation and its supporting 
habitat is an increasingly important facet of total land-use planning and 
management. This is especially true in light of expanding or redistribu- 
tion of human populations with increasing demands on natural resource out 
puts. It is imperative that multiple resource management decisions to 
meet human needs are commensurate with total resource stewardship. Know-, 
ledge of the location, kinds and amounts of native vegetation resources, 
and continuous inventories for detection and assessment of change in the 

vegetation or abiotic habitat is a fundamental requisite for those deci- 
sions. 

Current inventory and surveillance techniques for nonforest vegeta- 
tion (native vegetation other than trees but including exotic species 
seeded as permanent cover for conservation and rehab i 1 i tat ion needs), are 
essentially ground based, tedious, and time consuming, and often with 
considerable error; therefore, costly and not entirely reliable. Due to 
these factors, research and development programs must define resource 
inventory and surveillance techniques applicable to synoptic coverage for 
real time data input, analysis, and recovery. This need formed the basic 
problem area for the research subsequently discussed. 
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This is the fifth and final report of research done by the Rocky 
Mountain Forest arid Range Experiment Station, Forest Service, U.S. Depart- 
ment of Agriculture, under Contract No. R-09-038-QQ2 of the NASA Supporting 
Research and Technology (SR&T) program. First funding was received in 
April 1968 and research was initiated that year toward the following objec- 
tives: 

1. To determine the aerial photo scale threshold for identification 
of native, low-stature plant species (species other than trees) consider- 
ing film-filter combinations, sequential photography, plant size, plant 
density, and associated vegetation. 

2. To develop aerial photo measurement techniques to quantify kinds 
and amounts of native vegetation in terms of plant community area, foliar 
cover, and standing crop biomass. 

3. To develop multiple sampling techniques for quantitative analysis 
of aircraft and spacecraft imagery in relation to kind and amount of vege- 
tation by plant communities. 

As the research progressed, two additional objectives were phased into 
the program: 

1. To determine the level of ecological integrity at which multi- 
spectral scanner imagery could be used for plant community classification 
and surveillance. (The level of ecological integrity refers to the com- 
munity category in the hierarchical system of classification in which the 
habitat type^is the elemental unit of the system.) 

2. To develop techniques to monitor wild animals In relation to' 
habitat vegetation with thermal and photographic imagery. (This objective 
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was expediently designed with the Colorado Division of Wildlife, Wildlife 
Research Section and the USDI , Bureau of Sports Fisheries and Wildlife, 
Wildlife Ecology Section.) 

For the benefit of potential users of the research results subse- 
quently described, brief descriptions of the research locations are 
included. The succeeding first section of this report provides summaries 
of results obtained since initiation of the research. Details of experi- 
mental procedures are not included; these can be obtained from previous 
annual reports and referenced publications. The second section provides 
details of research done during the last reporting period. A listing of 

all reports and publications emanating from the SR s T funding is included 
in Append! x A. 

THE STUDY AREAS 

Four study areas were located in Colorado; one in New Mexico. The 
Colorado locations were selected to represent a variety of meadows, steppe, 
steppe-scrub, and scrub plant community systems, some intermixed with con- 
iferous and deciduous forest types* 

The Manitou area in central Colorado, NASA Site 2h2, has been the 
primary experimental area and is the location of our ERTS-1 and Skylab 
experiments being conducted in cooperation with the Forest Remote Sensing 
Project, Pacific Southwest' Forest and Range Experiment Station. The area, 
at an elevation of approximately 2,350 meters above mean sea level, is 
typical of much of the lower montane life zone along the eastern slope of 
the southern Rocky Mountains. The vegetation includes primarily open-to- 
dense stands of ponderosa pine trees ( Pinus ponderosa Laws) interspersed 
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with natural herbaceous parks and meadows, willow (Salix L.) communities, 
and seeded grasslands. 

The Black Mesa area in west-central Colorado included mountain parks 
interspersed among mixed forests of Engelmann spruce ( Pi cea engelmannii 
Parry) and aspen ( Populus tremuloides Michx.) at an elevation of approxi- 
mately 3,000 meters above mean sea level. The Kremmling site in north" 
central Colorado comprised a scrub plant community system in which big 
sagebrush ( Artemisia tridentata Nutt.), low. sagebrush ( Artemisia triden- 
tata arbuscu 1 a . Nutt. ) , Vasey rabbi tbrush ( Chrysothamnus vaseyi (A. Gray) 
Greene), antelope bitterbrush ( Purshia tridentata (Pursh) D.C.), broom 
snakeweed ( Gutierrezia sarothrae (Pursh) Britt, and Rusby) , and mountain 
snowberry ( Symphori carpos oreophilus Gray) were the most abundant species. 
The elevation of this area was approximately 2,A50 meters above mean sea 
Vevel. The McCoy area, also in north"central Colorado, was a pygmy forest 
community system where two shrubs, true mountain mahogany (Cercocarpus 
montanus Raf.) and big sagebrush, were the primary species within the 
pinyon pine ( Pinus edulis Engelm. ) /Rocky Mountain juniper ( Juni perus 
scopu lorum Sarg.) community. The elevation here was approximately 2,250 
meters above mean sea level. 

The New Mexico area included those nonforest communities included 
in Apollo 9 frame 3806 exposed on 12 March 1969 . It included approximately 
10,000 square miles of landscape in the vicinity of Roswell, extending 
from Fort Sumner on the north to Lake Arthur on the south and the Capitan 
Mountains on the west to the Mescalero Ridge on the east. Five higher 
order categories of vegetation occurred in the area: (1) Grama (Bouteloua 
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Lag.) -gal leta ( Hi laria H. B.K.) steppe, (2) creosote bush ( Larrea Cav.)- 
tarbush ( fjourensia D.C.) scrub, (3) mesquite ( Prosopts D.C.)-oak 
(^uejxus L.) scrub, (A) grama-tobosa ( H i laria H.B.K.) steppe scrub, and 
(5) dwarf forest ( Juniperus L.). 

SECTION 1 

SIGN! Ft CANT FINDINGS 

^!- tj P le Sampling for Community Classification. and Area 

A multiple sampling technique to estimate the area and, to some extent 
the structure of specific plant community systems using spacecraft photog- 
raphy has been developed. It required the supporting use of multiscale 
aircraft photography since scale and ground resolution of the space photos 
and the complexity of the plant community systems were such that individual 
habitat types could not be discriminated using only the space photos. This 
was done with the Apollo 9 color infrared (C I R) photographs of eastern New 
Mexico in the vicinity of Roswell. 

The sampling design defined was basically a subsampling routine in 
which larger scale photographs were used successively to sample the next 
smallest scale photographs for certain attributes. Four aerial photo 
scales were used and involved: 


Platform 

Fi 1m 

Scale 


Apol lo 9 

SO- 1 1 7 

1:2.7 M 

en larged to 1 : 750 M 

Ai rcraf t 

CIR-8A43 

1 :80 M 


Ai rcraf t 

C1R-84A3 

1:20 M 


Ai rcraft 

CIR-8AA3 

1 :2. A M 


The space 

photographs provided 

the superior 

synoptic base upon vvh 
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only high-order community classification, such as forests and generalized 
steppe and scrub systems and which represent the initial strat i f i cation 
for a resource inventory program, could be differentiated. These classi- 
fications, which represented mapping units, almost always consisted of 
a group or. catena of habitat types, each of which required more detail for 
specific analysis than could be afforded by the space photos alone. Hence 
aircraft photographs were required to secure the detail needed for habitat 
type analysis. 

The selection of photo scale for mapping specific native plant com- 
munities or habitat types depended not only on the size of the area, as 
related to ground resolution of the lens/filter system, but greatly on 
the scene contrasts among habitat types. Photo scales of 1:80,000 were 
satisfactory for mapping those units wi th image boundary characteristics 
markedly different from adjacent units; that is where the ecotone between 
units was sharp and narrow. Photo scales no smaller than 1:20,000 were 
required where the transition or ecotone between units was subtle and 
broad. An example of the former would be the discrimination between pre- 
dominately herbaceous habitat types versus those with shrubs where the 
abiotic environmental factors between the two have resulted in extremely 
different physical site conditions over short distances. An example of 
the latter would be where the abiotic environmental gradient was gradual 
such that changes in the structure of the piant communities was also 
g radua i . 

The 1:2,400 scale aerial photographs, by subsampling the 1:20,000 
scale aerial photographs, provided rel i able es timates of the number of 
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individual shrubs or small trees by species in the New Mexico area. How- 
ever, the individual shrubs were relatively large, mostly taller and wider 
than 1 meter, and spacing between individual plants was usually more than 
1 meter. Also, those types with shrubs were relatively homogeneous, usually 
no more than three species per type. This photo scale requirement changes 
as the individual shrubs become smaller*, the distance between them becomes 
less than 1 meter, and the shrub population becomes more heterogeneous. 

These requirements are subsequently discussed. 

Seventy millimeter format ai rcraft strip photography at the scales 
mentioned and dot-grids to cover the effective area of each frame were 
used to estimate the areal extent of habitat types within the mapped units 
of the space photographs. Individual frames were considered primary sam- 
pling units. Secondary, or subsample units, were defined as squares of 
four dots each, Independent of grid density. 

Based on analyses of variance for subsampling statistics, it was 
determined, for the New Mexico area, that the "best" grid system for 
estimating habitat type area was 36 dots per Inch using 50 percent of 
the subsampling units. '‘Best" was defined as that grid pattern which 
yielded an area estimate with the least standard deviation consistent 
with minimum cost in relati on to s amp ling intensities. Increasing s amp 1 e 
size to 64 dots per inch doubled sampling time for an insignificant 
decrease in standard deviation estimates. The decrease in sample size 
to 16 dots per inch increased the standard deviation, as compared to 
the 36 dot per inch grid, to unacceptable proportions. An example of 
these comparisons is shown in Table 1, 
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1 : ta 8LE,,1* , COMPARI SONS. .OF STANDARD DEVIATIONS USING VARI OUS. DOT-GRI D DENSITIES 


' 

-IN RELATION 

TO SAMPLING TIME AND 

INTENSITY: 

PHOTO 

SCALE - 1:20 

,000 







Commun 

i ty Type 






1 




1 1 1 


Subsarnples 

Grid 








Used 

S i ze 

Time 

Area 

s— 

Area 

s— 

Area 

5~ 


2 



y 


y 


y 

Percent 

Dots/in . 

Min. 

Percent 

Acres 

Percen t 

Acres 

Percent 

Acres 


16 

50 

35 

0.615 

31 

0.612 

34 

0.551 

60 

36 

60 

36 

0.592 

36 

0.578 

28 

0. 439 


-64 

120 

37 

0.410 

40 

0.435 

23 

0.334 


16 

15 

• 44 

0.626 

28 , 

0.728 

28 

0.784 

50 

36 

40 

39 

0.565 

34 

0.570 . 

27 

0.461 


64 

90 

38 

0.463 

33 

0.458 

29 

0.423 


16 

15 

43 

0.904 

37 

.1.470 

20 

0.713 

40 

36 

25 

41 

0.756 

31 

O.689 

28 

0.635 


64 

55 • 

39 

0.555 

32 

0.481 

29 

0.499 


From these data, the optimum sample size for both primary and second- 
ary units can be determined on the basis of a preselected standard error 
using optimum allocation equations for multistage sampling. For this 

example, the number of primary units and secondary units, or subsamples 

/ 

per primary unit for three habitat types, were found to be as follows: 

Optimum Optimum 

Habi tat Type Primary Units Secondary Un i ts 


1 

2 

3 


3 

6 

6 


18 

12 

13 


These data were derived using 1:20,000 scale aircraft photography to 
subsample the space photography for classifying habitat types and deter- 
mining their areal extent. The 1:80,000 scale photographs were of limited 
value due to unacceptable interpretation errors for classifying the speci- 
fic community systems. 

The information provides a primary technique whereby quantitative 
information about native plant communities imaged in spacecraft photograph 
can be quantified by sampling with aircraft photographs. From this New 
Mexico data, it is apparent that at least a 2:1 ratio of secondary to pri- 
mary sampling units would be required to get acceptable (10 percent stan- 
dard error) estimates of habitat type area using 1:20,000 scale aerial 
photographs. The 1:2, **00 scale photographs provided reliable estimates of 
numbers (density) of shrubs and small trees. These requirements may not 
be applicable to other areas with different kinds of vegetation. Presam- 
pling must be considered to determine the sampling constraints required. 
Details about this research are documented (Driscoll 1969b, Driscoll 1970, 



Poulton, Driscoll, and Shrumpf 1 969 ) . 
Plant Species Identification 


Shrubs 

The film type/scale/season combination for identifying individual 
shrub species with 70 mm aerial photography has been defined. This is an 
absolute requirement pfior to making structural analyses of plant commun- 
i ty systems with aerial photographs. The information enhances smapling 
procedures whereby 70 mm data is used in concert with standard 9 1/2-inch 
format aerial photography. This research was done at the Kremmling, McCoy, 
and Black Mesa study areas. 

Identification of individual shrubs was significantly better (P = 0.01} 
on large-scale (1:800 - 1 : 1 , 500 ) color infrared aerial photographs than on 
normal color (Table 2). Eight of 11 species were Identified correctly 
more than 80 percent of the time on color infrared; two were correctly 
identified 100 percent of the time. Six specie's were identified more than 
80 percent correctly on color photographs, but none were identified 100 
percent correctly. Photo scales smaller than 1:2, ^00 had limited value 
except for mature individuals of relatively tall species (> 1 m) in dense 
stands (crown margins touching or nearly so). 

Early July photographs provided the most information about all spe- 
cies considered if an investigator was constrained to a single time of 
data co 1 1 ect i on • I den t i f i ca t i on of s ome s pec i es was i mp roved by using 

earlier (June) or later (Augus t-September) aerial photographs, depending 
on the phenology of the species. More detailed information about this 
research has been published (Driscoll 1970, Driscoll and Francis 1970). 
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TABLE 2. PERCENT CORRECT SHRUB IDENTIFICATION BY SPECIES 
AND FILM TYPE — AVERAGE OF FOUR INTERPRETERS 




Plant Species 

C 1 R 1 

D-200 2 

Low sagebrush (Artemisia tridentata arbuscula) 

100 

98 . 

Big sagebrush (A. tridentata) 

30 

93 

Mountain mahogany (Cercocarpus montanus) 

100 

92 

Parry rabbitbrush (Ch rysothamnus parry?) 

60 

54 

Vasey rabbitbrush (C. vaseyi) 

56 

50 

Broom snakeweed (Gutierrezia sarothrae) 

33 

88 

One-seed juniper (Juniperus scopulorum) 

96 

94 

Pinyon pine (Pinus edulis) 

92 

90 

Bitterbrush (Purshia tridentata) 

80 . 

50- 

Cinquefoil (Potent! Ila fruitlcosa) 

83 

79 

Mountain snowberry (Symphori carpos oreophilus) 

65 

53 

Mean 

82 

76 


^Ektachrome Infrared Aero (Type 8443) 

2 

Anscochrome D-200 (Type 7230) 


n 











Also, a manuscript elaborating on this research has been submitted to 
Photogrammetric Engineering (Driscoll and Coleman 1973). 

Herbaceous Species 

; Identification of herbaceous plant species was much more time- 
dependent than identification of shrubs using large-scale 70 mm aerial 
color and color infrared photographs. Photo scales smaller than 1:750 
have proved to be of very limited value except Where population dispersion 
has created clumps of material. 

In areas where herbaceous species develop essentially simultaneously, 
except for some vernal species, photographs obtained at the time of spe- 
cies maturation provided the best success for individual species identifi- 
cation. For example, differentiation In foliage color of broad-leaved 
species after fruiting usually results In differential image colors such 
that individual species can be identified nearly 100 percent correctly in 
1:600 - 1:750 CIR aerial photographs. Also, species with relatively large 
showy flowers, such as orange sneezeweed ( Helenium hoopseii A. Gray) or 
arrowleaf balsamroot ( Bal samorhi za sagittata (Pursh) Nutt. ) , were identi- 
fied accurately in CIR photography at scales up to 1 : 750 . 

In areas characterized by two growing seasons — late spring-early 
summer and midsummer , such as the Manitou area -- sequential seasonal 
photography was required. Early season photographs at scales from 1:600 - 
1:800 provided, in general, more accurate identification for most herba- 
ceous species than later season photographs (Figure 1). All species con- 
sidered, there was little difference between color and color infrared 
except for grasses. Species like Arizona fescue ( Festuca arizoni ca Vasev) . 
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Figure ] 
all test 


90- 

80- 

70- 


60-j 

- — i 

n 

50- 

» «#* 


40- 



, 

* 1 »« 

" 


6/68 



7/68 8/68 6/69 8/69 


Flight Date 



Anscochrome D-200 (Type 7320) 
Ektachrome Infrared Aero (Type 8443) 


Percent correct identification by film type and flight date 
plant species. 



mountain muhly (M uh icnbergia montan a (Nutt.) Hitch.),, and blue grama 
(B oute loua grac! I Is (H.B.K.) Lag.) were more consistently correctly iden- 
tified on CIR as compared to color (Table 3). I dent i Citation of low- 
growing broad-leaved forbs was highly variable between film types and 
among dates of photography, In all cases, bare soil between plants was 
more accurately identified using the norma 1-color photographs. In the 
Manitou area, the color signatures of mat-forming broad-leaved plants, 
like trailing fleabane ( Erigeron flagellaris A. Gray) , and bare soil, were 
similar in the CIR photographs. 

In general, plants less than 10 cm in diameter could be detected as 
discrete objects in the largest scale photographs, but the resolution was 
such that the plants could not be identified. Additional details of 
this research have been published (Driscoll 1971a, Driscoll and Francis 1 
1970, Driscoll et al 1970), 

Measurement of Plant Community Parameters 

Standing Crop Biomass 

A technique has been developed whereby green standing biomass of a 

\ 

seeded grassland and cor respond! ng harvested dry weight can be estimated 
using large-scale CIR aerial photographs and image optical density. 

Image density derived from 1:563 and 1:3,855 scale photographs with a 
scanning microdensitometer provided valid estimates of either green herb- 
age or harvested dry weight (r = >0.80) (Table h) . In all cases, the cor- 
relation coefficient was high and significant (P = 0.01). The best rela- 
tionship occurred between image density and harvested dry weight (r » 0 . 87 ) 
from the 1:563 photo scale and was expressed by the linear equation: 
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TABLE 3. PERCENT CORRECT IDENTIFICATION FOR HERBACEOUS PLANT SPECIES 
AND BARE SOIL SURFACE BY FILM TYPE AND FLIGHT DATE 





D-200 1 





2 

EIR Z 



! tem 

6 / 1/68 

7/3/68 

8/8/68 

6/3/6$ 

8 / 17/69 

6 / 1/68 

7 / 3/68 

8/8/68 

6/3/69 

8/17/69 




-- -Pe rrpn t-- 
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I. COEFFICIENTS OF CORRELATION (r) AND DETERMINATION (r z ) FOR 
1AGE DENSITY VALUES AND GREEN AND CORRESPONDING HARVESTED 
iRY WEIGHT; COLOR INFRARED PHOTO SCALES 1:563 AND 1:3855 
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Y - a + b(X) where: 

Y = standing crop production (dry weight) 
a - -151.72 

b =* 62.61 


X = i mage dens 1 ty 

Since dry weight determinations may not be operationally feasible to 
secure, the relationship between green standing crop and image density 
might be more practical. In this case, an estimate of green standing crop, 
using the 1:563 photo scale, was expressed by the linear equation: 

Y - a + b(X) where: 

Y • standing crop production (green) 
a = -281.31 

b = 115.64 
X * i mage dens 1 ty 

Mean image density of six simulated productivity levels was significantly 
different among most levels of production represented in' both photo scales. 
These results have been published (Driscoll et al 1972). 


Species Foliage Cover 

Foliage cover of individual shrub species can be estimated 10 times 
faster on large-scale ( 1 : 800 - 1:1,000) C!R photographs and with comparable 
accuracy as compared to ground measurements using a 1 i ne- transect technique. 
The correlation coefficients between ground and photo measurements of one 
species, big sagebrush, were highly significant (P = 0.01) and greater 
than 0.86 using a simple measuring magnifier (Figure 2). Accuracy of mea- 
surement depends on the interpreter ’ 5 success in identifying the individual 
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2. Comparison of ground to photo measurements of percent cover 
sagebrush: measuring magnifier. 
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species. These data have been published (Driscoll 1970). 

Ml crodens I tome try for Species and Community I.D. 

The optical density of plant species and community images tn aerial 
CIR transparencies, estimated by a scanning microdensitometer, can be 
used for semi -automated interpretation of these resource elements. Small- 
scale photos seemed best suited for discriminating among high-order plant 
communities such as coniferous forests versus steppe or scrub systems. 

For example, the mean density (3.7) of ponderosa pine forest at the 
Manitou area was discretely less than for native steppe (3.0*0 or seeded 
grassland ( 3 » 25) using 1:139 M photography. In this case, the differences 
between the two herbaceous communities were also discriminable. Also, 
image density differences between spruce-fir and ponderosa pine forest 
systems were discrete. 

The image density of selected individual species obtained from 
1:1,100 scale CIR transparencies showed discrete differences among some 
of the species (Figure 3), although the range in, density values shows con- 
siderable overlap (Table 5). Of prime importance, however, was the fact 
that the image density and density range of bare soil were significantly 
less than those of live vegetation for the area where this research was 
conducted. This procedure identifies a semi-automatic photo measurement 
technique to monitor change' in total plant cover relative to increases 
or decreases in bare soil. 

Some results of this work have been published (Driscoll et al 1970, 
Driscoll 1971b). Results of all our research done with microdensitometry 
have been summarized in a manuscr i pt to be submitted to the Journal of 
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Figure 3, Optica) film density through a green filter (Wratten 93) of two 
trees, four shrub species, and soil, McCoy, Colorado, 6 August 1968, 
scale 1:1,100, color infrared -- 8A43. 
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TABLE 5. MEANS AND RANGES OF TRANSPARENCY DENSITY VALUES 
OF COLOR INFRARED IMAGES OF 5 SHRUBS AND BARE SOIL 
SCALE 1:1,100, PHOTO MISSION 3 AUGUST 1 968 



Species or object Mean Range 


Cercocarpus montanus 3.676 3.15 - 4.42 


P i nus edul i s 

■ 3.655 

3. 26 - 4. 12 

Juniperus scopuiorum 

3.266 

3.04 - 3.56 

Purshia trldentata 

3.169 

2.97 - 3.53 

Artemisia tridentata 

2.805 

2.56 - 3.00 

Artemi s i a longi loba 

2.768 

• 2.62 - 2‘.72 

Ba re soi \ 

2.497 

2.44 - 2.58 





Range Management (Reppert et al. 1973). 


Mul t i spectral Scanner imagery for Plant Community Class i f i cat Ion 

Mu 1 1 i spect ra 1 scanner imagery coupled with automatic data processing 
may be an integral part of future land management decisions for classify- 
ing and monitoring changes in nonagri cul tura 1 vegetation. Although it has 
been demonstrated that the technique can be used for high-order vegetation 
categories, i.e., forests and bogs, it has not been known with certainty 
the specific level of integrity in the ecological hierarchy of plant com- 
munity classification at which the method is applicable. 

The results of recognition processing of 10-channel, mul ti spectral 
scanner data identified six as providing the best information for com- 
puterized classification of 11 plant communities ecologically identified 
by ground research. The communities were established on the basis of 
current aspect and relative similarity of composition of plant species 
components. Two nonvegetation categories, asphalt roads and bare soil, 
were also included. The six best channels chosen on an ordered selec- 


scheme were: 



Channel No. 

10% Peak Power 
Bandpass (ym) 

10 

0.604 - 

0.700 

12 

0.725 - 

0.920 

5 

0.478- 

0.508 

9 

0.566 - 

0.638 

7 

0.514 - 

0.558 

6 

0.492 - 

0.536 


The recognition processing provided acceptable discrimination of 
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high-order categories which were ponderosa pine forest and all upland steppe 
communities. Specific communities ecologically classified to the habitat 
type level that were adequately recognized were willow meadows, native 
bluegrass meadows, and sedge/rush/bu I rush meadows. 

Apparent problems in computerized classification of steppe community 
systems occurred whenever the proportion of bare soil and plant litter 
on the ground exceeded the proportion of live vegetation foliar cover. A 
clustering technique, which used the probability of mi scl ass i f i ca t i on to 
determine spectral similarity of representative training areas for the 
computerized recognition processing, improved c 1 ass i f I cat ion of the steppe 
systems. These results have been summarized (Driscoll 1971b) and will be 
published in the 8th International Symposium on Remote Sensing of Environ- 
ment Proceedings (Driscoll and Spencer 1972). This research was done at ' 
the Manitou area. 

Wild An itria 1 -Hab i tat Relations 

Simply knowing and understanding the vegetation of an area is not suf- 
ficient for understanding the dynamics of the ecosystem. Animal/habitat/ 
vegetation interactions are important cons i derat i ons , and animal mortality, 
as a part of total population dynamics, is a needed function to assess 
animal/vegetation relations. 

Large-scale (1:2,000) CIR aerial photographs may be applied to assess 
overwinter mule deer mortality on winter ranges similar to those around 
the Kremmling area. On the average, five interpreters identified 68 per- 
cent of known imaged carcasses. Omission errors were relatively high, 32 
percent, but this was due primarily to late season (July) photography. At 
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that time, carcass decomposition and disturbance by scavengers made detec- 
tion, even by ground search, difficult except by very cJose observation. 

This research was sponsored partly by the Game Research Section, 
Colorado Division of Wildlife to coordinate with our SR&T research on 
inventory and surveillance of native vegetation. Preliminary results 
have been summarized (Driscoll and Gill 1972), and upon completion of 
analysis of data obtained in Hay 19/2, a manuscript will be prepared for 
publication in a technical journal. ’ 

SECTION i I 

CURRENT YEAR ACTIVITIES 

* - ^ lu - 

Primary effort during the current year has been devoted to completing 
two studies dealing with habitat/wild animal relations. The habitat/ ‘ 
animal remote sensing research, in addition to being part of the SR&T pro- 
gram, was coordinated with and supported partly by ongoing research of 
the USD! , Bureau of Sports Fisheries and Wildlife, Wildlife Ecology Sec- 
tion and the Game Research Section of the Colorado Division of Wildlife. 
Aerial Photos and Pocket Gopher Populations 

Western pocket gophers ( Thomomys spp.) are small indigenous rodents 
inhabiting most areas in the western United States. The northern pocket 
gopher ( Thomomys talpoides) is common to the high mountain forests, parks, 
and meadows in Colorado and adjacent areas. This small rodent, during 
high population cycles, frequently causes severe disturbance to the land- 
scape due to its vegetation consumption and soil disturbance activities. 

For example, average populations (15 per acre) consume approximately 1,100 
pounds of fresh herbage per year in areas like the Black Mesa site. During 
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expected population Increases, these rodents, which colonize, would con- 
sume a significant amount pf total standing crop biomass. In addition, 
burrowing and soil surface mounding activities create possible deleterious 
effects on the ecosystem by Increasing the potential of accelerated soil 
erosion. However, the rodent is a part of the cybernetics of the ecosystem 
and contributes an important function to the Integrity of the system. 
Therefore, knowledge about the population dynamics of the animal and Its 
effects on the habitat are a part of understanding ecosystem structure and 
function. 

The degree of earth mounding of these rodents In the late summer is < 
directly related to population density and, hence, periodic changes in 
this activity relate tp population fluctuations and predictions on effects 
on the ecosystem. The earth mounds (Figure k) are conical shaped mounds 
of soil deposited on the soil surface as a result of subsurface burrow- 
building. New mounds have a fluffy appearance and are darker colored 
than the surrounding soil surface. Old mounds that have been exposed to 
the elements are crusty and assume the color of the undisturbed soil sur- 
face, These characteristics were exploited for preliminary interpretation 
of large-scale (1:600 - 1:2,400) CIR aerial photographs for discrimination 
between old and new mounding activity (Driscoll 1971a). The hypothesis of 
this experiment was that pocket gopher density (numbers) could be estimated 
using large-scale aerial color and/or color Infrared aerial photographs. 

Procedures 

Three pairs of approximately 1-acre (0. 4l-hectare) plots were located 
In park areas at Black Mesa with known populations of northern pocket 
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Figure V. Pocket gopher earth mound’. Dew mounds have a fluffy appearance 
and are darker in color than the soil surface or mounds that have been 
exposed to the elements for a few days.. These characteristics were exploited 
for interpreting current mounding activity in large-scale (1:600) CIR aerial 
photographs. • .... 
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gophers. Within each plot, twenty 0.01-acre (0. 0041- hectare) subplots 
were located by random selection such that five occurred in each quarter 
of the large plots. 

Within the subplots of one large plot of each pair, all gopher 
mounds were obliterated 48 hours prior to a planned photo mission. Such 
signs in the other plot of each pair were left untouched. This was done 
to test the additional hypothesis that "old" mounds could be discriminated 
from "new" mounds using the resultant aerial photographs. Counts of new 
gopher mounds on all plots were made, during the photo mission. Sampling 
requirements and the mound counting-time interval were established by 
research personnel of the Bureau of Sports Fisheries and Wildlife for mon- 
itoring gopher populations by ground survey. 

The photo mission was flown August 31, 1971, between 1030 and 1)20 
hours, Mountain Standard time. Two film types, Aerochrome infrared 
{Type 2443) and Ektachrome Aero (Type 8442) were flown for two photo 
scales, 1:600 and 1:1,200. The photography was obtained using the Forest 
Service Aero Commander 500B with a dual mounted Maurer KB 8- A camera sys- 
tem. 

Results and Conclusions 

Interpretation of 1 :600 scale color or color infrared aerial photo- 
graphs to count northern pocket gopher mounds for establishing population 
densities of the rodent were 97 percent as accurate as ground survey only 
(Table 6). There was no significant difference between film types. How- 
ever, interpreters favored the C1R since it was relatively easier to posi- 
tively discriminate between live vegetation and non- vegetated areas with 
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TABLE 6. COMPARISON OF POCKET GOPHER POPULATION PER ACRE (0.41 HECTARE) 
ESTIMATED BY GROUND TRUTH SIGN COUNTS AND PHOTO INTERPRETATION 
SIGN COUNTS USING ' 1 : 600 SCALE COLOR OR COLOR INFRARED PHOTOS* 




- - — } { { | f 

Normalized P.l. Estimates 
by Interpreter 

Plot 

Actual Population 

1 

II 

Mi 

A 

41 

38 

40 

36 

B 

34 

44 

36 

40 

C 

28 

25 

30 

35 

D 

22 

35 

37 

28 

E 

40 

26 

29 

32 

F 

4o 

31 

26 

25 

Mean 

34 

33 

33 

33 


''Data normalized over all subplots for each interpreter. 
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this film type. Earth mounds were generally not discernible with accept- 
able accuracy In the 1:1,200 scale photos except where they had been 
marked on the ground for positive photo identification. 

Data on Interpreted mound counts from the aerial photos were not — 

malized to actual ground counts by ratiolng: R = counts . 

Aerial photo counts 

This ratio was determined for each subplot and also on a large plot basis. 
The resultant data were then applied to the equation: 

A 

Y = O.6582 /RM log ( RM+ 1 ) where: 

A 

Y = estimated population density 

R = normalized mound count 

H * photo identified mound counts per acre 
to provide an estimate of animal density per area. ' 

The best population estimates through photo counts, as compared to 
actual ground counts, were obtained when the data for individual inter- 
preters were used independently rather than combined from all interpre- 
ters. Using combined data from all interpreters to establish a common 
denominator, two interpreters overestimated the apparent population 
density by 6 percent, a third interpreter underestimated population 
density by 15 percent. Independent ly , each of three interpreters pro- 
vided population density estimates that were only 3 percent less than 
was obtained by ground-based estimates. 

Population estimates of northern pocket gophers can be obtained 
using the technique defined, and this information can be used to monitor 
change in relation to influences on the habitat. However, subsampling 
routines must be a part of an operational procedure since the relation- 
ship between ground and photo ~i n terpre ted data must be established. 
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Results of this research are being prepared as a Master of Science 
thesis (Watson 1973) by Thomas C. Watson, who is a Range Technician with 
the Rocky Mountain Forest and Range Experiment Station, and also a Grad- 
uate Student in the Range Science Department at Colorado State University 
under the direction of the Principal Investigator, Richard $. Driscoll. 

A technical journal or Experiment Station paper reporting the results is 
planned. 

Thermal Sensing of Deer in a Cold Environment 

Mule deer and other large herbivorous mammals which inhabit mountain- 
ous areas at mid-to-high latitudes in the western United States are forced 
to migrate seasonally to gain access to food supplies. This occurs during 
the fall of the year when snow covers the vegetation at higher elevations 
and the animals must move to areas of less snow depth to survive. Gener- 
ally, these ’’winter ranges” are smaller in area than the ’’summer ranges” 
and, hence, are a primary controlling mechanism governing size, structure, 
and general health of the animal population, as well as the condition of 
the habitat. Thus, it is important not only to know how much and where 
the accessible vegetation for animal sustenance occurs on the winter 
ranges, but also the size of the animal population dependent on it. The 
resource manager needs this information to make necessary adjustments 
required to establish healthy habi tat/anlmal balance and to avoid serious 
animal losses due to starvation or epizootic outbreaks. Other kinds of 
animal populations exhibit similar interactions with their habitat, and 
it is not infrequent that certain segments of the habitat are the control- 
ling mechanism for healthy populations. 
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To determine populations and assess population dynamics in relation 
to habitat has required tedious ground search techniques, although aerial 
photos and direct visual observation from the air have been used for wild 
animal counts. However, these techniques require daylight, a time during 
which the animals are frequently hidden from view due to their nocturnal 
habits. Therefore, thermal scanning, which is not light dependent, pro- 
vides a potentially useful technique to assess habj tat/an ima j interactions. 

That thermal sensors can detect deer and other mammals is known. 
However, it is not known what the environmental constraints are that will 
permit the obtaining of maximum information about the animals In relation 
to their habitat. This need formed the basis for research having the fol- 
lowing objectives: (1) To determine the effects of various environmental 

factors on radiant temperatures of mule deer in a cold environment, and' 

(2) to determine when, in terms of the environmental factors studied, 
detection by a thermal scanner would be most likely. 

Procedures 

Four tame mule deer were placed in an open-air exclosure, 30.5 x 61 
meters in size, located on a 17 percent southwest slope. This site, 
within the Kremmling area, is environmentally typical of most winter mule 
deer ranges in the western United States. The exclosure had been built 
by the Colorado Division of Wildlife for research on other aspects of 
deer/habitat relationships. 

Data about the deer and certain environmental factors were secured 
during the cold season, January-March. This season was chosen for two 
leasons: (1) previous attempts at thermal scanning for deer detection 
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emphasized the desirability of a cold background, (2) for practical 

applications, detection missions would likely be planned during the winter 

season when the animals are concentrated on limited areas free of tree 
overstory. \ 

Effective radiant temperatures (ERT) were measured with a Barnes 
PRT-5 precision infrared radiometer during selected sample periods through- 
out the 2l*-hour day. This included information about deer, snow, sage- 
brush (the plant species most frequently protruding above snow) , bare 
soil, and solid rocks. The same sagebrush and rock surfaces were used 
during all data collection periods. Snow and bare soil sample surfaces 
varied somewhat due to the variation in snow cover during the data collec- 
tion periods. Deer measurements were obtained whenever the animals were 
within hO feet of the observer, a constraint placed by the radiometer with 
its 2 field-of-view. To. have positive control over the target surface 
viewed, a ’•-power telescopic sight was mounted on the radiometer head. 

AH ERT measurements were made from a specially constructed platform 
extending into the exclosure (Figure 5). 

Environmental factors measured included air temperature, windspeed, 
atmospheric water vapor pressure, and solar radiation. Air temperatures 
were recorded continuously with a United Electronic Controls Company 
thermograph and, at the start and end of each sampling period, by a mer- 
cury thermometer. Windspeed was measured at two points in the enclosure 
by Casella cup anemometers. Atmospheric water vapor pressure was measured 

by a sting psychrometer. Solar radiation was measured by a Kahl Scientific 
star pyranometer. 
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Figure 5. ERT measurements of deer and other objects typical of winter 
ranges were made from a specially constructed platform extending into 
the excl osure. 


33 



The radiometer, anemometer, and pyranometer data were recorded on 
FM analog tape. Air temperatures, psychrometer bulb temperature, cloud 
cover estimates, and time were recorded by hand. 

Stepwise, multiple linear regression was used to determine the inter 
actions between the environmental variables and the ERT of deer, sage- 
brush, and snow. The ERT was the dependent variable; the environmental 
factors were the independent variables. Also, regression was used to 
estimate the thermal contrast between deer and sagebrush and deer and 
snow. 


Results and Conclusions 

The regression analyses indicated the following with respect to the 
surface temperature regime and detectability of mule deer in a cold 
environment:' '*/ . 

1. There was an erratic effect, of direct solar radiation during day- 
light hours under clear skies on the ERT of deer such that detection and 
recognition of the animals would be highly unpredictable (Figure 6). It 
should be noted that the ERT of a completely sunlit deer surface always 
exceeded the ERT of the inanimate surfaces after sunrise, approximately 
0800 hours. However, the ERT of the shaded deer surface was highly 
erratic with respect to the ERT of the inanimate surfaces. The combined 
sun li t-shade.d surfaces would be the results of cloudless daytime thermal 
scanning and, hence, would lead to nonacceptable discrimination errors. 

2. In the absence of direct solar radiation, the ERT of deer and 
the dry background surfaces measured was closely associated with and 
always greater than air temperature and diffuse solar radiation (Figure 7) 
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Considering an operational procedure, this set of ci rcumstances would pro- 
vide possibly the "best 11 opportunity for deer detection and discrimination 
provided a mission was planned between 0900 and 1200 hours under conditions 
similar to those in the Kremmling area. In addition, aircraft navigation 
problems would be minimized provided the navigational ceiling is satisfac- 
tory. However, the logistics of providing equipment and personnel to 
match the spec! fled condi t ions would likely prove difficult, 

3. On the average, deer ERT exceeded the ERT of the background mate- 
rials measured in this study, during periods of no direct beam solar illum- 
ination, by an amount inversely proportional to air temperature. The 
thermal contrast between deer and sagebrush or snow, the primary background 
materials in the study area, would be at least + 2° C with direct solar 
radiation at zero, a difference sufficient for detection and discrimination 
with most non-class ! fi ed, sensitive thermal scanners. 

A. The effects of wind could not be realistically assessed because 
of the measurement technique used. The -cup anemometers used essentially 
measured the laminar flow component, Ignoring the turbulence that occurs 
over uneven surfaces. 

There were no environmental conditions during the period of this 
study under which deer ERT always exceeded the ERT of the background mate- 
rials except when the background was a complete snow cover. Therefore, 
there would always be a certain amount of error associated with quantita- 
tive detection of wild deer. On this basis, diurnal, effects on potential 
detection should be assessed. 

The day may be separated into four periods: 
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* Daylight; sunrise to sunset 

2. Night: the hours of darkness 

3* Post-sunset: the period from sunset to darkness 

Pre-sunrise: the period from darkness to sunrise. 

The daylight period had greatest thermal contrast between deer and 
background materi al under the conditions during this study. However, it 
also is the period when potential discrimination errors are at a maximum 
on clear days due to either solar heating of background materials or the. 
shading effect. 

The night period, after dissipation of residual solar heat, would 
probably be the "best” time for detection, since the major heat source 
is the animals. Although thermal contrast between deer and background 
materials was reduced during this period, there should be sufficient con- 
trast for detection. However, during the dark, safe flying at low altitude 
is impossible over most winter range areas, considering existing non-clas- 
si fled equipment. 

The post-sunset period is free from direct effects of bright sunlight, 
but the heat-sink in rocks and perhaps bare soil sustains the daytime 
error potential until well after dark. 

The pre-sunrise period probably represents the optimum time for deer 
detection in a cold environment when visual aircraft navigation is required. 
The reduction of detection and discrimination errors associated with the 
night, period is maintained until sunrise. 

Thermal scanning for mule deer to assist in assessing habitat/animal 
interactions is not yet operational. More research is needed to quantita- 
tively determine wind effects on detection and discrimination probability 
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of deer, or other large animals, in relation to other environmental factors 
and background materials. The spectral and spatial requirements of a 
thermal scan system must also be identified in relation to topographic 
and aircraft navigational constraints. 

Results of this experiment have been presented in a Ph.D. disserta- 
tion (Parker 1972b) under the direction of the Principal Investigator, 

Richard S. Driscoll. A technical journal or -Experiment Station paper is 
planned. 
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N66-39700 
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US DA FORESTRY AND RANGE REHOTE SENSING RESEARCH PROGRAM 
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hi pages. 
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Douglass, R. W., M. P. Meyer and D. W, French. Remote 
sensing applications to forest vegetation classification 
and conifer vigor loss due to dwarf mistletoe. College 
of Forestry, University of Minnesota. 86 pages. 
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LISTING OF NASA THESAURUS TERM CHANGES SINCE SEPTEMBER 1971 

The attached listing consists of 850 postable and 322 nonpost- 
able terms added, deleted, or changed in the NASA Thesaurus 
between September 1971, the publication data of the NASA 
Thesaurus Alphabetical Update, NASA-SP-7040 , and a cutoff date 
of October 31, 1973. Each nonpostable term is followed by a 
"USE" designation referring to a postable term. Some postable 
terms may be followed by explanatory status change designations. 
An asterisk precedes entries added since the cumulative listing 
of May 15, 1973. 

The NASA Thesaurus contains 18331 terms of which 14837 are 
postable and 3494 are nonpostable. The next listing (cumulative 
of Thesaurus term changes is scheduled for May 1974. 



THESAURUS TBRH CHANGES SINCE PUBLICATION OF NASA-SP-7040, SEPTEMBER 1971 


A-9 AIRCRAFT 
A-10 AIRCRAFT 
ACLIHAl VALLEYS 
OSE PALLETS 

* 1COOSTICAL HOLOGRAPHY 
ACOOSTO-OPTICS 
ACTIVE GLACIERS 
OSE GLACIERS 
ACTIVE VOLCANOES 
USE VOLCANOES 
ADIRONDACK MOUNTAINS (SI) 

ADOBE PLATS 

OSE FLATS (LANDFORMS) 

ADRIATIC SEA 

ADVANCED EVA PROTECTION SYSTEMS 
OSE ASPS 

ADVANCED RECONN ELECTRIC SPACECRAFT 
ADVANCING GLACIERS 
OSE GLACIERS 
ADVANCING SHORELINES 
OSE BEACHES 
A EPS 

AERIAL IMAGERY 

OSE AERIAL PHOTOGRAPHY 
AERODYNAMIC INTERFERENCE 

* AERONAUTICAL SATELLITES 
AFRICAN RIFT SYSTEM 
AIRP-D 

OSE EXPLORER 33 SATELLITE 
AIMP-1 

DSE BXPLOREB 33 SATELLITE 
AIHP-2 

USE EXPLORER 35 SATELLITE 
AIR LAND INTERACTIONS 
AIR SEA INTERACTIONS 

USE AIR HATER INTERACTIONS 
AIR HATER INTERACTIONS 

* AIRCRAFT BANBCYBRS 

* AIRCRAFT SURVIVABILITY 

• AIRFIELDS 

OSE AIRPORTS 
ALADIN 2 AIRCRAFT 
ALBANIA 
ALFALFA 
ALGAL BLOOM 
OSE ALGAE 
ALKALI FLATS 

USB PLATS (LANDFORMS) 

ALLUVIAL CONES 
USE ALLUVIUM 
ALLUVIAL FANS 

USE FANS (LANDFORBS) 

ALLUVIAL FLATS 

USE FLATS (LANDFORMS) 

ALLUVIAL PLAINS 
OSE FLOOD PLAINS 
ALLUVIAL TERRACES 

USE TERRACES (LANDFORBS) 

ALLUVIUM 

ALP 5 MOUNTAINS (EUROPE) 

ALTOCUBDLU5 CLOUDS 
USE CUMULUS CLOUDS 
AMAZON REGION (SOUTH AMERICA) 

AMORPHOUS SEMICONDUCTORS 
ANACLINAL STREAMS 
USE STREAMS 
ANACLINAL VALLEYS 
OSE VALLEYS 
ANALYSIS OF VARIANCE 
ANDORRA 

• ANGINA PECTORIS 
ANGIOGRAPHY 

ANNULAR DRAINAGE PATTERNS 
USE DRAINAGE PATTERNS 
ANOMALOUS TEMPERATURE ZONE 5 
ANS 

USE ASTRONOMICAL NETHERLANDS SATELLITE 
ANTICLINAL MOUNTAINS 
USE MOUNTAINS 
ANTICLINAL VALLEYS 
OSE VALLEYS 
ANTICLIKBS 
ANTICLINORI A 

OSE ANTICLINES 
ANTI REFLECTION COATINGS 
ANVIL CLOUDS 

APOLLO SOYUZ TEST PROJECT 
APOLLO 17 PLIGHT 


AQUIFERS 
ARCHAEOLOGY 
ARCHIPELAGOES 
AREA NAVIGATION 
ARES (SPACECRAFT) 

USE ADVANCED BBCONN ELECTRIC SPACECRAFT 

• ARGOH-OIIGBN ATMOSPHERES 
ARID LANDS 

• ARIEL 1 SATELLITE 
ARROYOS 

• ARTIFICIAL HARBORS 
ASH CONES 

OSE CONES (VOLCANOES) 

ASTP 

USE APOLLO SOYUZ TEST PROJECT 
ASTRONOMICAL NETHERLANDS SATELLITE 

• ATHEROSCLEROSIS 

• USE ARTERIOSCLEROSIS 
ATMOSPHERIC VIHDONS 
ATOLL REEFS 

DSE CORAL REEFS 
ATOLLS 
ATOMIC MASS 

OSE ATOMIC HEIGHTS 
ATOMIC HEIGHTS 
AXIAL STREAMS 
USE STREAMS 
B-1 AIRCRAFT 
BACK BAYS 

USE BAYS (TOPOGRAPHIC FEATURES) 
BACKSHORES 
DSE BEACHES 
BADLANDS 
BAHRAIN 
BAJADAS 

USE FANS (LANDFORMS) 

BALI (INDONESIA) 

BALL LIGHTNING 
BALTIC SHIELD (EUROPE) 

BARBADOS 

BARBED TRIBUTARIES 

OSE DRAINAGE PATTERNS 
BARCHANS 
USE DUNES 
BARENTS SEA 

BARITO RIVER BASIN (INDONESIA) 

BARLEY 
BARREN LAND 

barrens 

USE BARREN LAND 
BARRIER BASS 

USE BARS (LANDFORMS) 

BARRIER BEACHES 
USE BEACHBS 
BARRIES FLATS 

OSE BARRIERS (LANDFORMS) 

BARRIBR ISLANDS 
USE ISLANDS 
BARRIER LAGOONS 
USE LAGOONS 
BARRIER LAKES 
USE LAKES 
BARHIBE REEFS 
DSE REEFS 
BARRIERS (LANDFORMS) 

BARS (LANDFORMS) 

BASIC (PROGRAMMING LANGUAGE) 

BASINS 

USE STRUCTURAL BASINS 
BATHOLITHS 
BAY ICE 
BAYHEAD BARS 

USE BARS (LANDFORMS) 

BAYHEAD BEACHES 
USE BEACHES 
BAYHBAD DELTAS 
USE DELTAS 
BAYMOOTH BARS 

USB BARS (LANDFORBS) 

BAYOUS 
BEAM LEADS 

BEAUFORT SEA (NORTH AMERICA) 

BEDROCK 
BEDS (GEOLOGY) 

BELTED PLAINS 
USB PLAINS 
BHUTAN 

* BIG BANG COSMOLOGY 
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BIGHORN NOUNTAIKS (BT-NY) 

BILLON CLOUDS 

□SE CLOUDS (BBTEOROLOOl) 

BIOLOGICAL CLOCKS 

□SB RflTTHB (BIOLOGY) 

BIOBBGENERATIYE LIFE SUPPORT SYSTBBS 
OSE CLOSED BCOLOGIC1L SISTBBS 
BIP0L1B TRANSISTORS 
BIRDFOOT DELTAS 
058 DELTAS 
BLACK BILLS (SD-WT) 

BLACK BOLES (ASTBONOHI) 

bladder mecharics deleted 

BLADDERS (MECHANICS) 

USE DIAPBBAGHS (MECHANICS) 

BLIGBT 

• BLOCK DIIGBABS 

BLOCK ISLAID SOUBD (BI) 

BLOOD YOLUBB 

BODY-NING CONFIGC1ATIOHS 
BOGS 

□SB HABSBLAHDS 

boll bbbvils 
bollnorhs 

BOTSNANA 

* BOUNDARY LATBB EQUATIONS 
BRAIDED STREAMS 

OSE STREAMS 
BRBAICf ATBBS 
BRIDGES (LARDPOBHS) 

BRITISH BOHDOBAS 
BROKER CLOODS 

OSE CLOODS (METEOROLOGY) 

BROBEI 

EROSR (BOTANY) 

BSI 

BOPORDI 

buttes 

C-1A AIRCRAFT 
CAMEROON 

CANNONBALL 2 SATELLITE 

CANYONS 

CAF CLOODS 

CAPB5 (LANDFORHS) 

CARBON FIBER REINFORCED PLASTICS 
* CARBON-CARBON COHPOSITES 
CARIBOOS 

CASCADE RANGE (CA-0B-8A) 

CATCHMENT AREAS 
OSE NATBRSHEDS 
CAYS 

OSE KBSS (ISLANDS) 

CDC 6400 COBPUTEF 
CARS OS 

CENTRAL AFRICAN REPUBLIC 
CENTRAL ATLANTIC REGION (OS) 

CENTRAL BUROPE 
CENTRAL PIBDHONT (OS) 

CFPP 

OSE CABBON PIBER REINFORCED PLASTICS 
CHAD 

CHARNEL HDLTIPLXEBS 
CflANNELTRONS 

OSB CHANNEL HOLTIPLIEBS 
CHAOTIC CLOOD PATTERNS 

OSE CLOODS (1ETBOBOLOGI) 

CHAPARRAL 

CHEKA BITER BASIN (AK) 

CHESAPEAKE BAY (US) 

CHIAPAS (MEXICO) 

CHINA (COMMUNIST) BAINLAED 

OSE CHINESE PEOPLES BBPOBLIC 
CINDER CONES 

OSE CONES (TOLCANOBS) 

CIEQUE5 (LANDFORHS) 

CIRSOCOBOLOS CLOODS 
CIRPOSTRATOS CLOODS 
CIRRUS SHIELDS 
CITS OS TREES 
CLOSBD BASINS 

USB STBOCTORAL BASINS 
CLOSBD FAULTS 

OSE GBOLOGIC AL FAULTS 
CLOSED FOLDS 

D5E FOLDS (GEOLOGY) 

CLOOD STBBETS 

OSE CLOODS (HBTEOBOLOGT) 

COACHELLA TALLEY (CA) 


COASTAL CURRENTS 
COASTAL DOVES 
OSB DOVES 
COAST1L HAHSHES 
USB HABSBLAVDS 
COASTAL PLAIVS 
COASTAL 1ATBB 
COFFEE 
COLD FROVTS 
♦ COLLISIOVAL PLASV1S 
COLORADO PLATRAO (OS) 

COLS 

USB GAPS (GEOLOGY) 

CO&BT HEADS 
COVET VOCLBI 

COBBS TAILS 

COBBQVIC ATIONS TECHNOLOGY SATELLITE 
COMPOTES SYSTB15 DESIGN 
COB POT BRIBED COVTROL 
USB VUBBRICAL COITBOL 
COVES (TOLCANOBS) 

COVGO (BRAZZAVILLE) 

CONGO (KINSHASA) 

USB ZAIRE 
COlIFEBS 
CONSEQUENT LAKES 
OSE LAKBS 
CONSEQUENT STBBABS 
USE STREAES 
CONSEQUENT TALLEYS 
OSB TALLEYS 
CONTACTS (GEOLOGY) 

• CONTINUOUS SPECTRA 
CONTINUOUS NATE LASERS 
COITBOL STICKS 

CONY EC T ION CLOODS 
COOK INLET (AK) 

• COPERNICUS SPACECRAFT 

• USE OAO 3 
COPSES 
COBAL HEADS 

OSE CORAL REEFS 
COEN 

CORROSION TEST LOOPS 
COS-B SATELLITE 
COSIIOS 381 SATELLITE 
COTTON 
COULEES 

OSE CANYONS 
CPATONS 

CROP IDENTIFICATION 
CROPLANDS 

OSE FARHLANDS 
CROSS FAULTS 

USB GEOLOGICAL FAULTS 
CROSSBEDDING (GEOLOGY) 

CRUSTAL FRACTORES 

CUBA 

COBSTAS 

USE RIDGB5 
CULTURAL RESOURCES 
CURIUB COBPOUNDS 
CURRENT CONYERTERS (AC TO DC) 
CURRENTS (OCEANOGRAPHY) 

USE BATBR CURRENTS 
CUSPS (LANDFOHNS) 

* CYCLOGBNB5I5 
CYPRUS 

* D-2 SATELLITES 

* D-2B SATELLITE 

* USB D-2 SATBLLITB5 
dahobnt 

DATA BASES 

DATA COLLECTION PLATFORMS 
DATA CONYBBSION ROUTINES 
DDP COMPUTERS 
DDP 516 COMPUTER 
DECIDUOUS TREES 

* DBEPRATER TERMINALS 
DEFOLIATION 
DEFORBSTATiON 

* DELA1A8B RIVER BASIN (OS) 

* 0BLPHI BBTHOD (FORECASTING) 
DELTAIC COASTAL PLAINS 

USE COASTAL PLAINS 
DBLTA5 

DENDRITIC DRAINAGE 

USB DRAINAGE PATTBBNS 
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* DENSE PLASMAS 
DBPRESSI01S (TOPOGRAPHY) 

USB STRUCTURAL BASINS 
DESBBTLINE 

diadbhe satellites 

RBPLACBS DI1DEHB SATELLITE 
DIASTOLIC PBBSSUBE 
DIBLBCTBIC CONSTANT 
USB PBRHITTIVITY 
DIFFRACTION LIBITBD CABBBAS 
DIKES 

USE BOCK INTRUSIONS 
DISEASED VBGBTATION 
DSE BLIGHT 

* DISTRIBUTED PAR ABETBR STSTEHS 

Divides (laedpobhs) 

DOBIWICA 

DOMINICAN REPUBLIC 
DORBABT VBGBTATION 
USE TBGBTATIOB 
DBAIHAGB PATTERNS 
DROP IBABSFEB 
DROUGHT 

DROUGHT COBDITIOBS 
□SB DROUGHT 
DROMLINS 

USE GLACIAL DRIPT 
DUNES 

* DIB LASERS 

* DTSPROSIUB COBPOUBDS 
EAI 8400 COBPUTBR 
EAI 8900 COBPUTEB 

EARTH RESOURCES EXPERIBENT PACKAGE 
OSE EPEP 

* EARTH RESOURCES INPORflATIOE SYSTBB 
EARTH RESOURCES OBSERVATION SATELLITES 

USE EROS (SATELLITES) 

* EARTH RESOURCES SURVEY PROGHAB 

* EARTH RESOURCES TECBHOLOGY SATELLITE A 

* USE EARTH RESOURCES TECHEOLOGY SATELLITE 1 

EARTH RESOURCES TECBHOLOGY SATELLITE B 

EARTH RESOURCES TECHNOLOGY SATELLITE C 

EARTB RESOURCES TECHNOLOGY SATELLITE D 

EARTH RESOURCES TECHNOLOGY SATELLITE E 

EARTH RESOURCES TECBHOLOGY SATELLITE F 

* EARTH RESOURCES TECBHOLOGY SATELLITE 1 

EARTB TIDES 

EARTHQUAKE DAMAGE 
EAST GERMANY 
EBF 

USE EXTBRHALLI BLOWN FLAPS 
ECHELON FAULTS 

USE GEOLOGICAL PACLTS 
ECHOCARDIOGRAPHY 

* ECONOMIC DEVELOPBEHT 
ECOSYSTEMS 

EFFECTIVE PERCEIVED NOISE LEVELS 
EL SALVADOR 

ElECTBIC POWER SUPPLIES 
ELECTROBAGNETIC BOISE BEASUREMEHT 

* ELECTROMAGNETIC SURFACE VAVBS 
ELLIPTICAL GALAXIES 
EBB 6050 COBPOTI B 
END MORAINES 

USE GLACIAL DRIFT 
ENERGY TRANSFER 

SCOPE NOTE IS DELETED 
ENGLAND 

ENGLISH CHANNEL 
ENTRBHChBD STREAMS 
USB STREAMS 
ENVIRONMENT EFFECTS 
ENVIRONMENT MANAGEMENT 
ENVIRONMENT PROTECTION 
ENVIRONMENTAL QUALITY 
ENVIRONMENTAL SURVEYS 
BOLE SATELLITES 
BOS- A 

USE BARTH RESOURCES TECHNOLOGY SATELLITE E 
EOS-B 

USB EARTH RESOURCES TECHNOLOGY SATELLITE F 
EPNL 

USB EFFECTIVE PBBCBIVBD NOISE LEVELS 
BSEP 

EROS (SATELLITES) 

4 BUTS - ! 

• USE EARTH RESOURCES TECHNOLOGY SATELLITE 1 
EBT5-B 

USE BARTH HBSOUBCBS TECHNOLOGY SATELLITE B 



BETS-C 

USE BARTH RESOURCES TECHNOLOGY SATELLITE C 
BRTS-D 

USE BARTH RESOURCES TECHNOLOGY SATELLITE D 
BHT5-E 

USE BARTH RESOURCES TECHEOLOGY SATELLITE E 
ERTS-F 

USE EARTH RESOURCES TECHNOLOGY SATELLITE F 
1 SCAHPMBMTS 
ESKERS 

USB GLACIAL DRIFT 
BSRO 4 SATELLITE 
ESTONIA 
ETHIOPIA 
EUROPA 

EUTROPHICATION 
EVAPOTRANSPIBATION 

EXPERIMENTAL STOL TRANSPORT ESCB AIHPL1NB 
USE QUSSTOL 
EXPLORER 47 SATELLITE 
BXFLOEEH 49 SATELLITE 
EXTERNALLY BLOWN FLAPS 
BITRAGALACTIC MEDIA 

USE I HER GALACTIC MEDIA 
EXTRAGALACT1C RADIO SOURCES 
EXTRASOLAR PLANETS 
EXTRA TER REST RIAL HOPING VEHICLES 
USB ROVING VEHICLES 
EXTBEMELY LOR FREQUENCIES 
F-114 AIRCRAFT 
DELBTBD TERM 
PALLOW FIELDS 
USE FARMLANDS 
FANS (UNIFORMS) 

FARMLANDS 

PAST FOURIER TRANS FORH AT IONS 
FEASIBILITY ANALYSIS 
FEDERAL RBPUBLIC OF GERMANY 
OSE GERMANY 
FERRIC IONS 

CBANGBD FROM PERRIC ION 
FERRITIC STAINLESS STEELS 
FIL1NBNT WOUND CONSTRUCTION 
USB FILAMENT BINDING 
FFT 

DSE FAST FOURIER TRANSFORMATIONS 
FIBER ORIENTATION 
FIBONACCI NUMBERS 
FILE MAINTENANCE (COMPUTERS) 

FILTER WHEEL INFRARED SPECTROHBTBRS 
FINGER LAKES 
USE LAKES 
FIORDS 
PIRE DAMAGE 
FIREBREAKS 

FIXED POINT ARITHMETIC 
FLATS (L1NDFORMS) 

FLOOD DAMAGE 
FLOOD PLAINS 
FLUIDIC CIRCUITS 
FOLDS (GEOLOGY) 

FORENSIC SCIENCES 

OSE LAW (JURISPRUDENCE) 

FOREST FIRE DAMAGE 
OSE PIRE DAMAGE 
FOREST FIRES 
FOREST MANAGEMENT 
FREEZE DRYING 
FRENCH SATELLITES 

REPLACBS FRENCH SATELLITE 
FREON 

REACTIVATED IN LIEU OF FREON (TRADEMARK) 
FRICTION WELDING 
FRONTAL WAVES 
FROST DAMAGE 
FROZEN LAKES 
USE LAKES 
FROZEN SOILS 

USE PBRHAFROST 
FUNCTIONALS 
GABON 

GADOLINIUM ISOTOPES 
GALACTIC CLUSTERS 
GALACTIC NUCLEI 
GALACTIC ROTATION 
GALACTIC STRUCTURE 
GALLIUM OIIDB3 
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CMIBI& 

GlPS (GEOLOGY) 

G A B P 

USE GLOBAL ATMOSPHERIC RESEARCH PROGRAM 
gasdynahic LASERS 

USE GLOBAL AIR SAMPLING PBOGRAH 

* GE COBPUTBHS 

* GE 235 COMPUTER 
GE 625 COBPDTEF 
GE 635 COHPOTBR 

* GENERAL BL1CTBIC COHPUTBRS 

* DSB GB COBPOTBB 5 
GEOFRACTURBS 

DSB GEOLOGICAL PA0LT5 

* GEOLE SATELLITES 
GEOLOGICAL 5UBVETS 

GEOS SATELLITES (ESFO) 

GEOSTATIOH ABY OPERATIONAL BNYIBON SATS 
USE GOE SATELLITES 
GEOSYNCLINES 

* gBOTBBFBAL SREFGT CONVBBSION 

* gbotbebbal rbsoorces 

GHANA 

GLACIAL DRIFT 
GLACIOFLOYIAL DEPOSITS 
DSB GLACIAL DRIPT 

* GLASS PJBBR RBIHFOBCBD PLASTICS 
GLOBAL AIR SABPLING PROGFAB 
GLOBAL ATHOSPBERIC RESEAFCB PROGRAM 
GLOBULAR CLOSTERS 

GOBI DBSBRT 
GOB SATELLITES 
GORGES 

OSE CANYONS 
GRABENS 

OSE GEOLOGICAL FADLTS 
GRASSLANDS 
GE1YEL DEPOSITS 
USE GRAVELS 
GRAZING 
GRAZING LANDS 

USE GRASSLANDS 

* CHEAT BASIN (OS) 

GREAT LAKES (NORTH API ERICA) 

GHBAT PLAINS COBRIDOB (NORTH AMERICA) 

GRIGG-SKJELLEROP COBET 

GOADELODPE 

GOATEBALA 

GULF OP ALASKA 

GULP OF CALIFORNIA (HEIICO) 

GULF OF HESICO 

* GOB NEBULA 

* GUNN DIODES 
GUIANA 
HABITATS 
HAITI 
HARBORS 
HARD LANDING 
HARDWOOD FORESTS 

DSB FORESTS 
HARRIER HELICOPTERS 
HAN K EYE SATELLITES 
HAY 

HAZE DETECTION 
HCN LASERS 
HEART YALVBS 
» HEAT ACCLIHATIZATION 

* CHANGED FROH NONPOSTABLE 
HELIOS A 

HELIOS B 
HELIOS PROJECT 
HELIOS SATELLITES 

* HELIOB-OIYGEN ATMOSPHERES 
HEWLETT-PACKARD COHPDTBBS 
HIGH DISPERSION SPECTROGRAPHS 
HIGH SPEED TRANSPORTATION 

USE SAPID TRANSIT SYSTEBS 
HIGBLY ECCENTRIC ORBIT SATELLITES 
USE HBOS SATELLITES 

* HIS BUNDLE 
HOGBACKS 

USB RIDGES 

* HOLOGRAPHIC INTBRPEEOHETBY 
HONDURAS 

HONEYWELL COMPUTERS 
HONG KONG 
HOURGLASS TALLEYS 
USB TALLEYS 


BUBBLE CONSTANT 

USB BUBBLB DIAGRAH 
bubble DIAGRAM 
HUMAN RESOURCES 
HIDBOCYABIC ACID 
HIDHOSLBCTFIC POWER STATIONS 

hydrogen chlorides 

* HYDROGEN CYAHIDB5 

* USE HYDBOCYAKIC ACID 

* HYDBOGES EH BRITTLE HENT 
BYDROPONBR STATIONS 

USE BYDHOELBCTHIC PONBB STATIONS 

* HYPERBOLIC DIEFBBBNTIAL EQUATIOIS 
HYPERSONIC BIND TUNNELS 

CHANGED TO POSTABLE 
SCOPB HOTS (MACE 5 TO 10) 

HYPBRTELOCITY WIND TUNNELS 

SCOPE BOTE CHANGED TO (ABOTE HACH 10) 
HYPSOGBAPBY 

* IBH 1050 COMPUTER 

* DELETED 

* IBR 2701 COMPUTER 

* DELETED 
ICB PLOES 
ICE JAMS 

USE ICE 
ICE PACKS 

USE SEA ICE 
IFNI 

ILLIAC 3 COMPUTER 
IMBLHS 

* IMP-H 

* USE EXPLORER 47 SATELLITE 
IMP-1 

USE EXPLORER 18 SATELLITE 
IMP-2 

USE EXPLOHER 21 SATELLITE 
IBP- 3 

USE EXPLORER 28 SATELLITE 
IMP- 4 

OSE EIPLORBR 34 SATELLITE 
IMP-5 

USE EXPLORER 41 SATELLITE 
I BP- 6 

USE EXPLORER 43 SATELLITE 
IMPATT DI0DB5 

USE ATALANCHE DIODES 
IMPERIAL TALLEY (CA) 

IMPROTED TIROS OPERATIONAL SATELLITES 
CHANGB PROM NONPOSTABLE 
INCOHPBESSIBIIE BOUNDARY LAYER 
INDONESIA 

* INDUCTION MOTORS 
INDUSTRIAL ABBAS 
INFESTATION 

INPRAHED INTERFEROMETERS 
INLETS (TOPOGRAPHY) 

INLIERS (LANDFOBBS) 

INSECT DAMAGE 

OSE INFESTATION 
INSEQUENT STREAMS 
USE STREAMS 
INSHORE ZONES 
USB BEACHES 

INTEG BED AND BEHATIORAL LAB (JEASOB SYSTEM 
USE IBBLRS 
INTERCOSMOS SATELLITES 
INTERFACES 

SCOPE BOTE DELETED 
INTERLACING DRAINAGE 

USB DRAINAGE PATTERNS 
INTERHONTAME FLOORS 
USE TALLEYS 

INTERNATIONAL FIELD TEAR POR GREAT LAKES 
INTERNATIONAL ULTR AYIOLET BXPLORBB 
USB IUB 

INTERSTELLAR REDDENING 

USE INTERSTELLAR EXTINCTION 
INTRUSIONS 

USB POCK INTRUSIONS 
INVERTED CONTBRTERS (DC TO AC) 

10 

108 ACOUSTIC NATES 
• ION IMPLANTATION 

IBAO 

ISLAND ABCS 
ISTHMUSES 
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lies 2 
ITOS 3 
ITOS A 
IOE 

IVORY COAST 
1 2 S CAMERAS 
J-58 ENGINE 
JAMAICA 
JBTTIBS 

USE BREAKNATIE5 
JIH5P3EBB BALLOONS 
KILIBABI BASIN (AFRICA) 

KALMAN FILTERS 
KAHB 

USE GLACIAL DRIFT 
KABST 
KELP 

OSB SBANEEDS 

* KELVIN-HELBHOLTZ I NSTABILITT 
KENTA 

KETTLES (GBOLOG I) 

KBTS (ISLANDS) 

KLITPBN 

OSE OOTLIBBS (L1BDFORMS) 

KOREA 
KOREA 
KP INDEX 
KUHAIT 
LAGOONS 

LAGRANGI AN EQUILIBRIUM POINTS 
LAKE BIDS 

OSE BEDS (GEOLOGT) 

LAKE CBABPLAIN BASIN (NY-VT) 

LAKE ICE 

LAKE PONTCH ABTR AIN (LA) 

LAKE TEIOH1 (OK-TX) 

LAND MANAGEMENT 

LANDFOHMS 

LANDSLIDES 

* LANGLBT COMPLEX COORDINATOR 
LARGE SPACE TBLESCOPE 
LASER BEAM DEFOCOSING 

OSE THERMAL BLOOMING 
LASER BODE LOCKING 

* LASER PLASMAS 
LATE STARS 
LATBHITES 

LATTICE DRAINAGE PATTERNS 
OSE DRAINAGE PATTERNS 
LATVIA 

* LED (DIODES) 

* OSE LIGHT EMITTING DIODES 
LEON-QOEBBTASO AREA (MEXICO) 

LESOTHO 

LESSEE ANTILLES 
LIBIA 

LIECHTENSTEIN 

* LIGHT EMITTING DIODES 

* LIGHT-CONE EXPANSION 
LIMB DARKENING 
LIMNOLOGT 
LINEAMENT 

OSE STROCTOEAL PROPERTIES (GEOLOGT) 

LI 00 ID HBLIDB 2 

CHANGBD TO POSTABLB 
LISP (PROGRAMMING LANG01GE) 

LITHIUM NtOBATES 
LITROANI A 
LITTORAL CURRENTS 

OSE COASTAL CURRENTS 
LITTOBAL DRIPT 
LITTOBAL TRANSPORT 
LIVESTOCK 

LLANOS 0RIENTALE5 (COLOMBIA) 

LOCOST DAMAGE 

OSE INPBST1TI0N 
LOCOST SB ARMS 
OSE LOCUSTS 
LOCOSTS 

LONG ISLAND (NT) 

LONGSHORE BARS 

USE BARS (LANDPOFHS) 

LONGSHORE CURRENTS 

OSE COASTAL COR BENTS 
LON ALLOT STEELS 

OSB HIGH STRENGTH STEELS 

* LONER BOOT NEGAJ'IVB PBESSURE (LBNF) 

* OSB ACCELERATION STRESSBS (PHTSIOLOGI) 


LST 

OSE LARGE SPACE TSLBSCOPE 
LUBBER ING AREAS 
OSB FORESTS 
LONAB EQUATOR 
LONAB FIGORB 
L0N1B B1NGBPINDING 
LONAB BETEOBBPLECTOB5 
LONAB ROTATION 
LOHIK 16 LONAB PROBE 

LONIK 17 LUNAR PROBE 

• LONIK 20 LUNAR PROBE 

LOXEBBOURG 

B STARS 

B-2F3 LIFTING BOOT 
HAARS 

USE CRATERS 
HA7FEI GALAXIES 

MAGDALEN A-CAUCA PALLET (COLOMBIA) 
BAGELLANIC CLOUDS 

• MAGNETIC FIELD CONFIGURATIONS 

MAGNETIC SUBSIOBBS 

USE BAGNEIIC STORMS 
MAGNETIC TAPE TRANSPORTS 
BAGNET0PLASBADTEABIC5 
OSB BAGNBTOBTDRODTMAMICS 
BALAGAST REPUBLIC 
BALAVI 
HALATSI1 

OSE BALATA 
MALDIVB ISLANDS 
BALI 

MARINE ENVIRONMENTS 
RANINE HBTBONOLOGT 
MARINER 8 SPACE PROBE 
MARINER 9 SPACE PROBE 
MARS 2 SPACECRAFT 
BANS 3 SPACECRAFT 
MARSHES 

OSE HAF5BLANDS 
MARTINIQUE 

MARTS (PROGRAMMING LANGOAGB) 

MASSIFS 

HATORE STRBAHS 
OSE STEB1MS 
MATORE VEGETATION 
OSE VBGBTATXON 
MAURITANIA 
HEADOHLANDS 

USE GRASSLANDS 
MEANDERS 
MEGALOPOLISE5 
BBNCOBE AIBCBAFT 
MESAS 

MESOMETBOROLOGT 
MESON-MESON INTERACTIONS 
METAL FIBERS 

METAL- NITRIDE-0 IIDE- SILICON 
BETALLIC HYDROGEN 
METEOR CRATERS 
USE CRATERS 
METEOSAT SATELLITE 
METRIC STSTEM 

USE INTERNATIONAL STSTEB OF UNITS 
METROPOLITAN AREAS 
OSE CITIES 
MICR0HETB0RITE5 

CHANGBD FROM NONPOSTABLE 
MICROPOLAR FLUIDS 
BICR08AVE EMISSION 
* MICROS* VB HOLOGRAPHY 
MILLET 

MINERAL EXPLORATION 
HINICOHPUTBRS 
MISSISSIPPI DELTA (LA) 

HBOS 

OSB MBT1L— NITRIDE- Oil DE- SILICON 
MODEMS 

M0DULAT0RS-D8M0D0LAT0RS 
USE MODEMS 
BONACO 

BONOCLIHAi VALLEYS 
USE VAttEYS 
HOONQUAKBS 
MONTEREY BAT (CA) 

MORAINAL DELTAS 
OSE DELTAS 
MORAINAL LAKES 
US1 LAKES 
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sobaines 

USE GLACIAL DRIFT 
BUD FLITS 

OSE FLITS (LANDPORH5) 
MULTIPROCESSING (COMPUTERS) 

* HOLTISPBCTRAL BAND CAMERAS 
BOSCIT ABD OH AH 

huskegs 

MYOCARDIAL IMPIBCTION 
NAPPES 

OSB FOLDS (GEOLOGY) 

NATURAL CIS 
IBIS BIKES 
NEARSBOBB BITER 
NEUTRAL SHEETS 
USB ENGLAND (US) 

HEB GUINEA (ISLAND) 

HICIBIGOI 

BIGBR 

* NITROGEN bbtibolisb 
BOISE GBBEBATOBS 
BOISE POLLUTION 
NONAQUEOUS ELECTROLYTES 
NQNEQDILIBEIUM TBEB80D Y B 1HICS 
HOHLIBEIR OPTICS 

NORTH KOREA 
NORTH VIETHIB 
NORTHERN IRELAND 

* NOSE PINS 

NUCLEAR LIGRTBOLB ENGINES 
NUCLEAR POTEBTIIL 
NOCLEIR TRIHSFORB1TIOBS 
BOBERICIL STABILITY 
NUNATAKS 
NOTATION DIAPERS 

* OIO 1 

* OIO 2 

* OIO 3 

* OAO-1 

* USE OIO 1 

* 010-12 

* USE OIO 2 

* OftO-C 

* OSE 010 3 
OASES 

OATS 

OCCLUDED FRONTS 

OSE FRONTS (METEOROLOGY) 
OCEAN BODBLS 
ODD-EVEH NOCLBI 

* OFFSHORE DOCKING 

* OFFSHORE PLATFORMS 

* OPFSHORE REACTOR SITES 



OGO-B 



USE 

OGO- 3 


OGO-D 



OSE 

OGO-fl 


OGO-E 



USB 

OGO- 5 


OGO-F 



USE 

OGO- 6 


OGO- 3 



OGO-0 



OGO- 5 



OGO- 6 



OIL FIELDS 
OIL SLICKS 
OMEGA-MESONS 
ONTOGENESIS 

yep ONTOGENY 
ONTOGENY 
OPEN PIT MINES 

OSE HINES (EXCITATIONS) 

* OPTICAL ACTIVITY 
OPTICAL DEPOLARIZATION 
OPTICAL BEHOBY (DATA STORAGE) 
OPTICAL RESONATOHS 

CHANGED TO POSTABLE 
OPTICAL WAVEGUIDES 
ORBITING FROG OTOLITH 
ORBITING LUNAR STATIONS 
ORCHARDS 

ORIZABA- VERACRUZ AREA (MEXICO) 
OROGRAPHIC CLOUDS 
OSE CAP CLOUDS 

* ORF-SOHRBHFBLD EQUATIONS 

* OSO-B 

USE 050-2 


e 

OSO-D 



* 

USB 

OSO-* 


• 

OSO-E 



* 

USE 

OSO— 3 


* 

OSO-P 



.* 

USE 

OSO-5 


* 

OSO-G 



* 

USB 

OSO-6 


* 

OSO-B 



* 

USE 

OSO-7 



OSO-J 



* 

OSO-5 



* 

OSO-6 




0S0-7 




OUTER 

PLANET 

MISSIONS 


USE 

GRAND 

TOUHS 


OUTER 

PLANET 

SPACECRAFT 


USE 

OUTER 

PLANETS EXPLORERS 


OUTLETS (GEOLOGY) 

USB ESTUARIES 
OUTLIERS (LABDFOBHS) 

OUTNASB FLUBS 

USE GL1CI1L DRIFT 
OXYGEN PLASMA 
PACIFIC NORTE VEST (US) 

PALO VEBDB VALLBY (CA) 

PAMPAS 

PARAGUAY 

PARALLEL COMPUTERS 
PARALLEL DRAINAGE 

USE DRAINAGE PATTERNS 

* PARALLEL FLOB 
PARKS 
PARTORS 
PASSES 

USB GAPS (GEOLOGY) 

* PAS 51 VB L- BAND RADIOMBTEKS 
PASTURES 

USE GRASSLANDS 

* PATTERN METHOD (FORECASTING) 

PEAKS (LANDF0RM5) 

PEDIMENTS 

USB PIEDMONTS 
PEDIPLAINS 

OSE PIEDMONTS 
PENEPLAINS 
PENINSULAS 
PEOLE SATELLITES 

PEOPLES DEMOCRATIC REPUBLIC OF GERMANY 
USE EAST GERMANY 
PERIPHERAL VISION 
PHENOLOGY 
PHILIPPINES 

SPELLING CHANGED FROM PHILLIPINES 
PHOENIX QUADRANGLE (AZ) 

PHOTOGRAPHIC PLATES 
PHOTOHAPPING 
PROTOMAPS 
PtiBKlTCPRYTES 
PIEDMONT PLAINS 
USE PIEDMONTS 
PIBDHONT SCARPS 
USE ESCARPMENTS 
PIEDMONTS 
PIERS 

USE NHASVES 
PINNACLES 

USE PEAKS (LAHDFORBS) 

PIONEER F SPAC8 PROBB 

USE PIONEER 10 SPACE PBOBE 
PIONBER 10 SPACE PROBE 
PIONEER 11 SPACE PROBE 
PLAINS 

PLANETARY BXPLOBER 

OSE OUTER PLANETS EXPLORERS 
PLANETARY QUAKES 
PLANETARY SATELLITES 

OSE NATURAL SATELLITES 
* PLANETARY STRUCTURE 
PLANKTON BLOOM 
USE PLANKTON 
PLANTING 
PLATA LAKES 
USE LAKES 
PLAYAS 

PLOWED FIELDS 
OSE FARMLANDS 
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FLOWING 

* POLAIBE SATELLITE 

* USE 0-2 SATELLITES 
POTOMAC RIVER VALLEY (HD-VA-WV) 
PRAIRIES 

OSB GRASSLANDS 
P8E5BLRCT0BS 

OSB PBB1MPLIFIEBS 
PRESSURE ICB 
PHBSSOBB RIDGES 
OSB PRESSURE ICB 
PRINCE WILLIAM SOUND (AK) 

* PROBE METHOD (FORECASTING) 

* PROFILE MBTHOD (F0BBC1STIHG) 
FBOGBABBIEG LARGOAGBS 
FBOSSIC ACID 

USB BYDHOCIANIC ACID 

* PUBLIC BEALTB 

PYRENEES MOUNTAINS (EOBOPE) 
OOBSTOL 

QUIET BEGIR8 PEOGBAB 
QUIROLIBB 

BADIAL DRAINAGE PATTBBIS 

USE DBAINAGE PATTERNS 

RADIATION AND NBTEOROID SATELLITE 
RADIATION B1BDBNING 

* RADIO ASTRONONT EXPLORER B 

* USE EXPLORER 49 SATELLITE 

RADIO 0CCULT1TI0N 
R1ILB0AD5 

USE RAIL TRANSPORTATION 
SAIN POBRSTS 
RAISED BEBPS 
OSE BEEPS 
RANGELANDS 
RAPIDS 
RATINES 

RECEPTION DIVERSITY 
RECTANGULAR DRAINAGE 
OSE DRAINAGE PATTERNS 
RED TIDE 
BEBPS 

EEPERENCE STARS 
REGIONAL PLANNING 
REMOTE REGIONS 
REBOTBLI PILOTED VEHICLES 
REPUBLIC OP CHINA 
USE CHINA 
REPUBLIC OP VIETNAB 
USE VIETNAB 
RESIDENTIAL AREAS 
RESOURCES MANAGEMENT 
RETROGRESSIVE SHORELINES 
USB BEACHBS 

reusable rocket engines 

RHO-HESONS 

* NHODBSIA 

RHONE DELTA (PRANCE) 

RIPT VALLEYS 

USE GEOLOGICAL FAULTS 
RIFTS 

USE VALLEYS 
RIVER BASINS 
SOCK INTRUSIONS 

* ROCKY H0UNTAIR5 (NORTH 1BBRICA) 
ROLLUP SOLAR ARRAYS 

USB SOLAR ARRAYS 
ROMANIA 

USE RUMANIA 
ROVING VBBICLBS 
RPV 

OSE RBHOTBLY PILOTED VEHICLES 
RUNOFFS 

USE DRAINAGB 
RURAL ARBIS 
RURAL LAND USE 
RUST FUNGI 
ROSTS (BOTANY) 

USE ROST FUNGI 
RWANDA 

* S-17 SATELLITE 

* USE OSO-2 

* S-57 SATELLITE 

* OSE OSO-3 

S- 67 HELICOPTER 
SACRA BENTO VALLET (CA) 

SADDLE POINTS 
SALINE DOMES 

OSE DOBBS (GEOLOGY) 


SALINE SOILS 
USE SOILS 
SALT FLATS 

USB PLATS (LANDFOBHS) 

SILT KARSHES 

USE MARSHLANDS 
SAL TUT SPACE STATION 
SAN TR1ICI5C0 BAT (CA) 

SAN JOAOUII VALLET (CA) 

SAN HABCO 3 SATELLITE 
SAN NANI NO 
SAND DUNES 
USE DUNES 

SAND BILLS REGION (Gl-NC-SC) 

SAED HILLS REGION (EE) 

SANTA RIVER BASIN (PERU) 

SAS-D CHARGE TO NGNPOST1BLE 

OSE IUB 

* SATELLITE PORES TRANSMISSION (TO EARTH) 

* SATBLL ITS SOLAR ENERGY CONVERSION 

* SATELLITE SOLAH PQBBR STATIONS 
SATELLITE- BORNE INSTBUHBNTS 
SAODI ARABIA 

SAVANNAHS 

USE GRASSLANDS 
SCARS (GEOLOGY) 

OSE EROSION 
SCATTERED CLOUDS 

USB CLOUDS (METEOROLOGY) 

SCHEMATICS 

USB CIRCUIT DIAGRAMS 
SCHMIDT TELESCOPES 

* SCHOTTKY DIODES 
SCIENTIFIC instrument modules 

USE SIM 
SCOTLAND 
SCRUBS (BOTANY) 

USE BRUSH (BOTANY) 

* SDS 920 COMPUTER 
SBA GRASSES 

SEA OP OKHOTSK 
SBA BALLS 

OSE BREAKWATERS 
SEALS (ANIMALS) 

SEAWEEDS 

SECONDARY PROMTS 

USB FRONTS (MBTEOROLOGI) 

SECULAR VARIATIONS 
SEDIBBBT TRANSPORT 
5BL CONPUTERS 

SELECTION RULES (NUCLEAR PHYSICS) 

SEMICONDUCTOR PLASMAS 

SENEGAL 

SERGENIUH 

SEROTONIN 

* SEIFERT GALAIIES 

* SHALLOW SHELLS 
SHALLOW WATER 
SHENANDOAH VALLEY (VA) 

SHIELDS (GEOLOGY) 

USE BEDROCK 
SHIPYARDS 

* SHOALS 

* CHANGED TO POSTABLB 

* SHORELINES 

* CHANGED TO POSTABLE 
SHUTTLE BOOSTERS 

OSE SPACE SHUTTLE BOOSTERS 
SHUTTLE QBBITEBS 

USE SPACE SHUTTLE ORBITERS 
SIDEREAL TinE 
SIEHRA LEONE 

SIERBA NEV10A MOUNTAINS (CA) 

SIGMA ORIONIS 
SIGMA-MESONS 
SIKKIM 
SILTS 

USE SEDIMENTS 
SIM 

SINGAPORE 
SINKS (GEOLOGY) 

USE STRUCTURAL BASINS 
5IRIO SATELLITE 

* SKYLAB SPACE STATION (UNMANNED) 

* USE SXTL1B 1 

* SKYLAB 1 

* SKYLAB 2 
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* SKYLAB 3 

» SKYLAB 4 

* SI 1 

» OSB SKYLAB 1 

* SL 2 

* USB SKYLAB 2 

* St 3 

* USE SKYLAB 3 

* St 4 

* USB SKILAB 4 

SLASHES 

USB CLEARINGS (OPENINGS) 

SLEUTH (PROGBABBING LANGUAGE) 

SLICKS 

USB OIL SLICKS 
SLOVENIA 
SHOW PACKS 
USB SNOB 
SOIL IBOSION 
SOIL H0IST0RB 
SOLAS IBB AYS 

SOLI B BLBCTBIC PROPULSION 

SOLAR ELECTRONS 

SOLAR GRANULATION 

SOLAS OBLATB1ESS 

SOLAB IIND VELOCITY 

SORALIA 

* SONOHOLCGBAPHT 

* OSE ACOUSTICAL HOLOGRAPHY 
SOBTI B CJtB 

CHARGE IN USB REFERENCE TO SPACELAB 
SOBTIB LAB CBANGBD TO NONPOSTABLE 

USE SPACELAB 

* SOUND HOLOGRAPHY 

* USE ACOUSTICAL HOLOGRAPHY 
SOUNDS (TOPOGRAPHIC FEATURES) 

SOUTH VIETNAM 

USB VIETNAM 
SOUTHERN CALIYORNI A 
SOVIET T3SIOR 
USE U.S.S.B. 

SPACE DIVERSITY 

USE RECBPTION DIVERSITY 

SPACE MANUFACTURING 

SPACE PLASMA H/B INTERACTION EXPERIMENTS 
USE SPHINX 
SPACE POWER REACTORS 
SPACE SHUTTLE BOOSTERS 
SPACE 5HOTTLE 0S8ITERS 

^PROJECT NABS CHANGE FROB SORTIE LAB 

SPANISH SAHARA 

SPECTROGRAPHS 


SPHINX 

SPITSBERGEN (BORHAY) 

SPLITS (GEOLOGY) 

USE GEOLOGICAL FAULTS 
SPRINGS {WATER) 

SQUALL LINES 
USB SQUALLS 

* SRET SATELLITES 

* SRET 1 SATELLITE 

* SRET 2 SATELLITE 
SRI LANKA 

USB CEYLON 

ST LOUIS-KANSAS CITY COBBIDOR (HO) 
STi R SITE PHOGRAM 
STATIONARY FRONTS 

USB FRONTS (HETBCROLOGY) 
STELLAR ENVELOPES 
STELLAS GRAVITATION 
STELLAR TBNPERATOHB 
STEP PAOLTS 

OSE GEOLOGICAL faults 
STEPPES 

STERILIZATION EFFECTS 

* STIPFNESS MATRIX 
SIISHO VITE 
STGBR DAMAGE 

STOSS-AND-LEB TOPOGRAPHY 
USE GLACIAL DRIFT 
STRAITS 

* STEAKES 

9 USE BOSS FINS 
STRATHS 

USE VALLEYS 

STRESS CORROSION CRACKING 
STRIP MINING 


STRUCTURAL BASINS 
STRUCTURAL DESIGN CRITERIA 
STRUCTURAL PROPERTIES (GEOLOGY) 

STIPRNATBS 
SUBURBAN AREAS 
SUDAN 

SUDDEN STORI COMMENCEMENTS 
SUGAR BEITS 
SUGAR CARE 
► SUPBRPLASTICITY 

SDPBHSOBIC HID TUNNELS 

SCOPE NOTE CHANGED TO (BACH 1 TO 5) 

» SUB? ACS RATER 
SURINAM 

SUSQUEHANS A RIVEB BASIN (HD-NY-PA) 

SUMPS 

USB BARSHLARDS 
SWAZILAND 

SYHPHONIB SATELLITES 
SYNCLINAL VALLBYS 
USE VALLEYS 
SYNCLINES 
STNCLINOBIA 

USE SYNCLINBS 
SYNTHESIZERS 

CHANGED TO POSTABLE TERH 
TACT PROGRAH 

* TANKBR TERMINALS 
TANTALUB ISOTOPES 
TD SATELLITES 

* TEA LASERS 

* CHANGED TO POSTABLE 
TENNESSEE VALLEY (AL-KY-TR) 

TEBRACSS (LABDFOHHS) 

TF-34 ENGINE 

THALLIUM ALLOTS 
THEMATIC HAPPING 
THERMAL BLOOMING 
THERMAL DBFOCUSIHG 

USE THERBAL BLOOMING 
THERMOELECTRIC SPACECRAFT 
USB TOPS (SPACECRAFT) 

THERMO HYDRAULICS 
THRUST PADLTS 

USE GEOLOGICAL FAULTS 
TIBET 

* TIDAL PLATS 

* CHANGED TO POSTABLB 
TIDAL WAVE DAMAGE 

OSE FLOOD DAMAGE 
TIDAL WAVES 

« TIDE POWERED GENERATORS 
? TIDE POWERED MACHINES 
9 TIDEPOWER 

tilt ROTOR RESEARCH AIRCRAFT PROGRAM 

TIHBESLINE 

TITAN 

TOGO 

TOKAHAK FUSION REACTORS 
TOMBOLOS 

OSE BARS (LANDFOSMS) 

tornado damage 

OSE STORM DAMAGE 
TORO ASTEROID 

* TOURNESOLB SATELLITE 

* USB D-2 SATELLITES 
TOWERING CUMULI 

OSE CUHULCS CLOUDS 
TRANSHORIZON RADIO PROPAGATION 
TRANSONIC AIRCRAFT TECHNOLOGY PROGRAH 
OSE TACT PROGRAM 
TRANSVERSE FAULTS 

TJSB GEOLOGICAL TAOLTS 
TRANSVERSE VALLEYS 

* TRANSVERSELY EXCITED ATMOSPHERIC LASERS 
« USE TEA LASERS 

TRAPATT DIODES 

USE AVALANCHE DIODES 
TRELLI SED DRAINAGE 

USB DRAINAGE PATTERNS 
TREMCB8S 

USB GEOLOGICAL FAULTS 
TRIBUTARIES 
TRINIDAD AND TOBAGO 
TSUNAMI CABAGB 

USB FLOOD DA MIG B 
TUNDRA 
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tQBISIl 

TO- 15ft AIRCRAFT 

TBO DXHSNSIOBAL BO01D1BT L1YBH 

TYPHOON D1BAGE 

USB STORK DAHAGB 
UGANDA 

OBOBO SATELLITE 
OK SATELLITES 
OBITED ABAB HBPOBLIC 
OBIT BO KIWGDOH 
CHITBD KINGDOR SATELLITES 
OSB OK SATELLITES 
OHIVAC ftBft COHPOTBB 
OBI VAC 1106 COBPOTBB 

* UBIVAC 1230 COBPOTBB 
OPPER STAGB SOCKET ENGINES 
OPPEB TOLTA 

UPSETTING 

CBAHGBD TO RBTALLIC HATBBIALS TBBR 
OPBB LLING 

USE OPBELLIBG WATER 
OPBILLIIG WATER 
OEAEIOB PLASBAS 
ORB AH ABBAS 
OSB CITIES 
OBOGOAT 

* 0S8B RABOALS (COHPOTBB PBOGBARS) 
VACOOH TESTS 

fATICAH CITT 
TBGBTATIOK GROWTH 
VENERA 7 SATELLITE 
VBIEfiA 8 SITBLLITE 

* VENDS CL0005 

VIKING 75 BRTRY VEHICLB 
VINETANDS 
VISDAL PIGRBFT5 
VOLCANOES 

VOLTAGB CONVERTERS (AC TO AC) 

VOLTAGE CONVERT BBS (DC TO DC) 

BABAS B RIVER BASIN (Il-IN-OH) 

WADIS 

WARN FRONTS 
WATER CIRCOLATION 
WATER COLOR 
WATER CURRENTS 
WATER DEPTH 
WATER QUALITY 
WATER RESOORCES 
WATER SONOPP 
.WATER TABLES 
WATERSHEDS 

* WATERWAVE ENERGY 

* WATERWAVE BNBBGY CONVERSION 

* WATERWAVE POWERED MACHINES 
WAVE AMPLIFICATION 

WAVE PACKETS 
WEST PAKISTAN 
WETLANDS 
WHARVES 
WHEAT 

WILDERNESS 

WILDLIFE 

WILDLIFE RADIOLOCATION 

BIND EROSION 

BIND RIVBR RANGE (WT) 

* WIND TDNNEL TESTS 

* SINDHILLS (WINDPOWERED HACHINBS) 

* WINDPOWES UTILIZATION 

* WINDPOWERED GENERATORS 

* WINDPOWERED POMPS 
WRANGELL BOONTAINS (AK) 

X HE50RS 

X RAY SOURCES 
I RAY SPECTRA 
YAG LASERS 

YELLOWSTONE NATIONAL PARK (ID-HT-WT) 

ZAIRE 

Z1HEIA 



February b, ly/4 

NASA THESAURUS TERMS ADPED OR CHANGED DURING JANUARY 1 97^ . 

AUGER SPECTROSCOPY 

BARIUM ION CLOUDS 

CONDITIONED REFLEXES 

CORNER FLOW 

DATA COMPRESSION 

DATA COMPRESSORS DELETED 

ENERGY POLICY 

FLAME RETARDANTS 

HELOS (SATELLITE) 

HF LASERS 

HIGH ECCENTRIC LUNAR OCCULTATION SATELLITE 
USE HELOS (SATELLITE) 

KOHOUTEK COMET 
LAGEOS (SATELLITE) 

LASER DOPPLER VELOC 1 METERS 
LASER GEODYNAMIC SATELLITE 
USE LAGEOS (SATELLITE) 

MARITIME SATELLITES 

MOTION PERCEPTION CHANGED TO POSTABLE 

OPERATIONAL AMPLIFIERS 
OUTLET' FLOW 
OXIDE FILMS 

PARTICLE TRACKS CHANGED TO POSTABLE 


REYNOLDS STRESS ' 

SACCADIC EYE MOVEMENTS 

/t he diameter, length, size or overall geometry of a test 
SPEC! MEN GEOMc i RY ---( specimen used in tensile, fatigue, load, or other tests 

SPECKLE PATTERNS jA particular type of irregular pattern resulting from 

[the intermodul ation of .laser light scattered on a roua 
- J surface 

STOKES LAW OF RADIATION 

YC-14 AIRCRAFT 


YF-16 AIRCRAFT 



NASA THESAURUS TERMS ADDED OR CHANGED DURING FEBRUARY 1 97^ 
AH I K A 
AMI K B 

ATS Replaces APPLICATIONS TECHNOLOGY SATELLITES 

AUTGKOBILE FUELS 

CLEAN ENERGY 

COAL GASIFICATION 

COAL LIQUEFACTION 

COAL UTILIZATION 

COMMERCIAL ENERGY 

DIESEL FUELS 

ENERGY CONSUMPTION 

ENERGY TECHNOLOGY 

FISSILE FUELS 

FOSSIL FUELS 

GAS COOLED FAST REACTORS 
GASIFICATION 

HIGH TEMPERATURE GAS COOLED REACTORS 
HTGR 

USE HIGH TEMPERATURE GAS COOLED REACTORS 

HYDROGEN- BASED ENERGY 

INDUSTRIAL ENERGY 

KEROGEN 

LAKE ERIE 
LAKE HURON 

lake Michigan 

LAKE ONTARIO 
LAKE SUPERIOR 

LIGHT WATER BREEDER REACTORS 

LIQUEFIED NATURAL GAS 

LIQUID METAL FAST BREEDER REACTORS 




LMFBR 


USE LIQUID METAL FAST BREEDER REACTORS 

LNG 

USE LIQUEFIED NATURAL GAS 
OFFSHORE ENERGY SOURCES 
OIL RECOVERY 

ORGANIC WASTES (FUEL CONVERSION) 

RECYCLING 

CHANGED TO POSTABLE 

SHALE OIL 

SOLAR ENERGY CONVERSION 
SUPERCONDUCTING POWER TRANSMISSION 
SYNTHANE 
SYNTHETIC FUELS 
SYNTHETIC METHANE 
USE SYNTHANE 
TAR SANDS 
TELESAT CANADA A 
USE AM I K A 
TELESAT CANADA 3 
USE AM IK 3 
TRAMS POR TAT I OM E ME RG Y 
WASTE ENERGY UTILIZATION 



